This paper summarizes the potential use of a fine-grained fetal facial scoring system. The use of this coding system is discussed in relation to maternal health as well as effects on fetal development, including smoking in pregnancy and maternal stress. It is argued that the proposed fine-grained movement analysis might lend itself to support an increase health behaviors. Furthermore, we suggest that the fine-grained movement coding, although labor intensive, might detect subtle but important differences in fetal development, which are missed by more general obser vations. Finally, advantages and disadvantages of this system are discussed.
potentially increase parental health behaviors when seeing their fetus as a 'baby' in need of good nutrition and care.
In terms of advantages in clinical practice, a study by Picone et al, 1 compared the level of detail seen in an ultrasound examination the week before a termination of pregnancy (TOP) and the results of the autopsy conducted after TOP. They did not report the age of the termination apart from stating that the study examined terminations after 21 weeks of pregnancy. According to their results, Picone et al 1 claimed that ultrasound was suboptimal when identifying anomalies when compared to autopsy, with the exception of malformations of the fetal face and spine. It remains unclear whether the detection of various anomalies by ultrasound might be dependent on the age of the fetus (and potentially could show improved results for older vs younger fetuses) or alternatively might be dependent on the quality of the ultrasound image obtained. Their study also ignores the additional potential of ultrasound studies, which can detect not only the presence or absence of fetal movements, but also their quality. Although Picone et al 1 did not find ultrasound scans to be as accurate as the examination by autopsy, the advances in the technique might ultimately make the reliance on autopsies less essential. Furthermore, the advances in 4D ultrasound technology might potentially replace the need for autopsies all together.
A recent overview of 25 years of ultrasound 2 in clinical practice argued that 3D/4D ultrasound can be used not only for diagno stics for example of nuchal transparency and nasal bone measurements in the first trimester but also tomographic analyses of the fetal brain, visualizing vascular anomalies as well as brain malformations. Regarding defects of the fetal face, such as cleft lip, as well as the spine or extremities 3D/4D ultrasound is increasingly used in diagnosis. Additionally, it helps with counseling parents not only of fetal malformations but also to reassure them that the fetus is developing normally. 3 The surface mode rendering of 3D/4D is especially relevant in this context. However, visualization is not enough in order to make the technique useful in clinical practice rather the images need to be coded and compared across laboratories. Below is a description of potential uses of 3D/4D ultrasound using a specific coding system.
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Fetal Observable Movement System
The fetal observable movement system (FOMS) 4 is based on coding each anatomically different movement individually and enables the standardized investigation of fetal facial movements. There are a number of anatomically based systems that have been developed mainly for adult facial expressions and adapted for children and infants (e.g. Facial Action Coding System, 5 the Album des expressions du visage, 6 the Maximally Discriminative Facial Movement Coding System MAX). 7 These systems have provided a standardized tool for investigating human facial expression.
In contrast to these standardized tools used postnatally, coding systems for fetal facial expressions that attempt to chart the development of facial movement rely on the subjective interpretation of facial muscle movements, and thereby do not allow a comparison across studies. [8] [9] [10] For example, Piontelli 10 labeled one fetal facial expression as a 'smile', suggesting that smiling is 'anatomically the simplest of all expressions' and has been recorded from around 15 to 16 weeks gestation. Such an interpretation is too general when using the FOMS, where an expression that could be interpreted as a smile might be one of three movements coded in FOMS: a lip pull, a mouth stretch or a lip stretch. Hence, to label a fetal facial movement as smile could be misleading and not be comparable across studies. Cohn and Ekman 11 concur with this interpretation by pointing out that although a smile is principally based on one single zygomatic major muscle, it typically involves two or three other muscles as well. Moreover, since smiles vary from individual to individual, they can involve a number of different constellations of muscle movements. In contrast to general movement labeling systems, in anatomically based coding systems coding is objective and can reach, through training, a high degree of reliability between coders.
Although a great deal of research into the human and nonhuman face has been undertaken, little is known about the action of the human face in utero. It has been suggested that fetal movements in general and fetal facial movements in particular are 'spontaneous expressions of an inherently active nervous system' 12 and provide an insight into the development of the nervous system, both normal and abnormal. Such insight can be used in a variety of ways, including charting the development of fetal facial movements that coalesce to produce an 'expression'; moreover, they can also support research into the development of the fetal nervous system. In the context of clinical research, using fetal facial movements as markers could be applied during routine scanning. When fetal movements are labeled with emotionally charged terminology (e.g. 'smile') or there is a failure to define movements precisely enough to avoid observations being subjective and investigations hard to replicate, such systems might outweigh the advantages of a simplified coding system. In contrast, the FOMS standardizes the investigation of fetal facial movements, in a similar way to that in which Facial Action Coding System has enabled objective and reliable research on adult facial expression.
An Evolving Coding System
The fetal coding system FOMS has evolved over time.
Originally, we identified 19 facial movements that occur independently of one another and are visible using 4D ultrasound scans of the fetus. 13 The current system includes not only these 19 facial movements but also touch behaviors. Although this system has only been used to investigate the movement patterns of fetuses aged between 23 and 37 weeks gestation, given research indicating that fetal facial expressions develop from around 15 to 16 weeks 10 and that innervations of these muscles start from around 8 weeks gestation, 14 it is likely that FOMS could readily be applied to fetuses of a younger gestational age.
Currently there are some systems, which use the quality of movements, such as floppy movements, to identify potential developmental problems. However, not only the quality of movements but also the dynamics of the movements might be of interest in clinical practice. Using the FOMS to code the dynamics of one specific movement (mouth stretch), we reported that this same movement could be used to distinguish between simple mouth movement and yawning 15 (Fig. 1) .
Some researchers suggest that fetal yawn behavior might reflect activity-dependent brain maturation 16 and therefore yawning could indicate healthy brain development. In FOMS we can distinguish between 'yawning' and a non-yawn 'mouth stretch' whereby a Fig. 1 : Thirty-two-week-old fetus yawning mouth stretch is defined as the mandible being lowered, changing the shape of the mouth opening from oval with the long axis in the horizontal plane to the long axis of mouth opening in the vertical plane. The dynamics of the movement is essential in distinguishing between yawns and simple mouth stretch. This definition of yawning adopted in this study was based on Petrikovski et al 17 who specified that yawning was a slow opening of the mouth (50-75% of the cycle) and faster return to the initial position (5-10% of the cycle). This dynamic of the mouth opening and closing cycle characteristic for yawning could not be seen in the non-yawning mouth stretches, which typically involve mouth opening and closing at similar speeds.
Petrikovsky et al 17 suggested that yawning could potentially be a clinical indicator of prenatal anemia. Specifically, they pointed out that anemic fetuses showed bursts of yawning activity, which could not be observed in healthy fetuses. They argued that yawning bursts could potentially affect intrathoracic pressure, and thereby increase venous return to the heart. In the case of anemic fetuses, these yawning bursts could be a compensatory mechanism not present in healthy fetuses. In the healthy group of fetuses observed from 24 to 36 weeks gestation using 4D ultrasound the frequency of yawning declined from 24 to 36 weeks gestation. Such decline has also been observed in 31 to 40 weeks old low risk infants. 18 They argued that the significant decrease in the frequency of yawning that they observed in this population might be associated with the development of the circadian and homeostatic control of sleep and wake cycles, which are controlled by the central nervous system (CNS). Hence, one might argue that a delay in the decline of yawning frequencies might potentially be an indicator of variance to normal CNS maturation.
Using FOMS to identify developmental Movement Trajectories of Fetuses exposed to Nicotine
It is well established in the literature that exposure to smoking post-birth is a crucial risk factor for poor psychological, behavioral and physical outcomes in infant, child and later development. There is also increasing evidence that the effects of smoking can be seen pre-birth. In one study 19 (Fig. 2) , we used the FOMS to examine the effect of maternal smoking on fetal facial movements. We found that fetuses of smoking mothers, at 30 weeks gestational age, showed a greater number of movements than age-matched fetuses of nonsmoking mothers. In addition to examining facial movements, we also measured the rates of self-touch for fetuses of smoking and nonsmoking mothers and found that rates of facial self-touch for fetuses of smoking mothers was raised by around 69% compared to the rates of facial selftouch shown by fetuses of nonsmokers.
The facial area of touch could also potentially have diagnostic value. A trajectory over gestational age from fetal touching of the upper area of the face to the oral region might be an important landmark in development and if not adhered to could thereby potentially indicate a developmental delay. Reissland et al 20 have previously shown that the area of the face fetuses touch changes as they mature from 24 to 36 weeks gestation. In this study they reported that as the fetuses matured, the rate of touch of the upper and side part of their face declined, but the amount of touch of the lower and perioral region of the face increased.
Additionally, we examined the rate of decline of mouth movements exhibited by fetuses of mothers smoking during pregnancy and fetuses not exposed to cigarette smoke. Typically, developing fetuses will normally show fewer movements as they mature. However, in contrast to fetuses of nonsmokers, the rate of decline in movements was significantly slower for fetuses of smoking mothers. This could be an indication of delayed maturation of fetuses of smoking mothers.
Importantly, behavioral differences between fetuses of smoking and nonsmoking mothers were evident after controlling for maternal self-reported stress, which is also known to affect fetal movements. 21 Similarly to studies that examined general body movements, 22 in our study mothers who self-reported higher levels of stress had fetuses that showed more of these subtle movements.
Fig. 2:
Comparison of movements between fetuses exposed (top) and not exposed (bottom) to nicotine DSJUOG Therefore, by using FOMS we are able to detect fine-grained movement differences that might reflect a delay in fetal CNS maturation as supported by research of Huizink and Mulder. 23 These differences in CNS maturation are shown in our sample of fetuses exposed to smoking in that they showed a significant delay compared with fetuses of nonsmoking mothers in terms of the rate at which movement behaviors declined with gestational age. Given that post-birth delays in children who were exposed to smoking during their fetal development, such as delays in speech processing, 24 are well documented, it seems that FOMS might have a role to play in the early detection of delays of development or abnormal developmental trajectories in fetal life.
Maternal Self-reported Stress and Laterality of Fetal Self-touch
Research has established that in human fetuses cortical lateralization takes place between 15 and 26 weeks gestation. 25 Maternal stress during pregnancy might influence or disturb the normal process of lateralization. Given that high levels of stress during the prenatal period alter the biochemical equilibrium of the uterus and that research indicates that abnormally elevated prenatal maternal stress is a risk factor for developmental disorders postnatally, 26 fetal behavior in relation to maternal stress levels is of clinical importance.
Reissland et al 27 examined lateralized behaviors by coding self-touch in fetuses using FOMS (Fig. 3) . Our results showed that maternal prenatal stress is associated with lateralized self-touch. Fetuses of mothers who reported elevated levels of stress had fetuses that preferentially used their left rather than right hand to touch their face. Moreover, this increase in left-handed touching appeared to be temporally related to the period in which the mother reported stress, with mothers who reported being stressed in the period 2 months before the scan, but were not stressed in the month immediately before the scan not having fetuses that showed this left lateralized preferential touch behavior.
These results indicate that current but not historic stress seems to influence fetal lateralized. It is well established that stress during pregnancy has the effect of increasing the levels of cortisol produced by mothers and being transferred to the fetus. This might be a possible mechanism for influencing the development of the fetal brain and consequently producing abnormal laterality post birth. 28 Using our fine-grained analysis when applying the FOMS coding we established that laterality of self-touch is neither consistent with, nor related to, gestational age of the fetus. Hence, we did not find that increasing maturity of the fetuses resulted in more right handed self-touch as would be expected given that right handedness is considerably more common than left handedness after birth.
Post-birth in human and nonhuman animals the asymmetric development of the brain is well established. However, in fetal research, there is still a debate concerning the prenatal origins of laterality. Although ana tomically it has been established that by the second trimester of pregnancy the left cerebral hemisphere is significantly larger than the right in both male and female fetuses, it is not yet clear whether such brain differences translate into lateralized behaviors exhibited by the fetus. In a longitudinal study examining fetal mouth opening from 24 to 36 weeks 29 in 60 scans we used FOMS to code two types of mouth opening movements-upper lip raiser and mouth stretch. Analysing the lateralized opening (either right or left mouth opening) indicated that lateralized mouth openings increased by 11% for each week of gestational age. Hence, lateralization of mouth movements may provide another indicator of fetal maturation, and another potential method of observing abnormal fetal development using FOMS in clinical practice.
Using FOMS to Increase Health Behavior
Using ultrasound and specifically detailed facial movements might have the potential to increase health behaviors. Barnes 30 argued that currently pregnant women, as a result of the advances in ultrasound tech nology, may be more likely to see their fetus as a 'person' during pregnancy compared to women not having any experience of ultrasound imaging of their fetuses. Barnes 30 found that mothers were influenced by ultrasound technology in the way they perceived their unborn child. Having seen their fetus in ultrasound scans women expressed that they saw the fetus as 'a baby' already engaged in human-like activity'. Also the medical community in the last few decades with the increased Fig. 3 : Fetus of 32 weeks gestational age exhibiting left-handed self-touch abilities to treat the fetus and the mother separately has established a two-patient model in which the unborn child and the mother can be seen as having conflicting medical needs. For example, smoking e-cigarettes might help improve maternal health by reducing the amounts of toxins the mother consumes, by just taking in pure nicotine, when compared with smoking cigarettes. However, pure nicotine remains in the fetal circulation for much longer than it does in the maternal circulation. Hence, nicotine replacement therapy might benefit maternal health but hinder fetal development, given that nicotine has been shown to affect fetal brain function. 31 The two-patient model, which is highlighted when visualizing the fetus, might have a positive effect. By showing an accurate image of the fetus and pointing out similarities, in terms of facial expressions and movements, a father's feeling of attachment may be increased, which could ultimately impact on the care given to the child both pre-and post-natally. Hence, 3D/4D ultrasound, especially when used in conjunction with explanations of the images, might increase health behaviors. We might expect the extent to which health behaviors are affected to differs depending on education, experience and culture. For example, Mitchell and Georges 32 found that mothers undergoing 4D scans in Canada were more likely to perceive their fetus as already having developed a personality compared with Greek mothers who voiced only a few comments (mostly related to the sex of the unborn child). The authors argued that this difference in attitude to the fetus was due to the different discourse employed by sonographers with Greek and Canadian mothers. It is hoped that the use of a standardized system for understanding fetal movement behaviors, such as FOMS, might help establish a common discourse on movements observed, especially of the fetal face, and thereby make the experience more comprehensible to the general population.
Comparison of Kurjak's Antenatal Neurodevelopmental Test (KANET) and FOMS
The previous article in this issue describes the use of KANET in clinical practice. This coding scheme has been used for some time and very interesting results have been published. [33] [34] [35] The simple codes used in KANET allow its application in a clinical context.
The FOMS coding scheme has not yet been extensively tested. Hence, this report points out potential uses as well as different requirements for use of KANET and FOMS. Specifically the quality of the scans is an essential limiting factor when completing a comprehensive FOMS analysis of fetal scans.
Kurjak's antenatal neurodevelopmental test, in contrast to the fine-grained movement system of FOMS, allows for scans of lesser quality to be coded reliably. This is not the case with FOMS. The advantages of FOMS however are that fine-grained movements might have more power to differentiate between fetuses that might be affected by lesser degrees of illness. For example, in a small pilot study coding low birth weight (LBW; defined as a birth weight of less than 2500 gm) and normal birth weight (NBW) fetuses in Japan showed no significant differences between the groups when coded using KANET (Graph 1).
Does the FOMS distinguish between NBW and LBW fetuses and is the scoring system more sensitive than KANET? In order to test this in a preliminary study we compared various movements between NBW and LBW fetuses. Only four of the five LBW fetus scans were of good enough quality to code individual behaviors, and therefore we compared their movements with a group of NBW fetuses matched for gestational age and gender. We also included NBW and LBW groups of United Kingdom (UK) fetuses for comparison.
Examining the total number of mouth movements made by UK and Japanese LBW and NBW fetuses, we found that, although not significant, there is an indication that Japan fetuses make more mouth movements than UK fetuses, and that LBW fetuses make more mouth movements than NBW fetuses (Graph 2). We also split the data into specific mouth movements, but found no obvious patterns (and no significant differences).
Testing the total number of touch behaviors made by UK and Japanese LBW and NBW fetuses, we found that, although not quite significant, again there was an indication that Japanese fetuses show more touch behaviors compared with UK fetuses (p = 0.057), and that LBW fetuses touch more frequently compared with NBW Graph 1: Kurjak's antenatal neurodevelopmental test scores for NBW (n = 45) and LBW (n = 5) fetuses from Japan. These means are not significantly different: t(48) = 1.0, p = 0.32 DSJUOG fetuses (p = 0.105; Graph 3). Again, splitting the data by specific type of touch did not yield any obvious patterns (and no significant differences).
From this preliminary study, it can be seen that, although KANET does not appear to distinguish between NBW and LBW fetuses, using a more fine-grained move ment coding system such as FOMS does indicate differences between these two groups of fetuses. This would suggest that FOMS is more sensitive to subtle behavioral changes than a system, such as KANET, that addresses only gross motor behavior. As such, FOMS shows high potential for use in a clinical setting for diagnosing abnormal developmental trajectories that other movement-based systems might fail to detect.
One problem when trying to compare the use of KANET with FOMS is that FOMS requires better scan quality since it relies on being able to see fine grained movements. We therefore established a Scan Quality Coding Scheme (Table 1) .
Whilst the KANET coding system can be applied to scans of quality 1 or higher, for accurate coding using FOMS a minimum scan quality of 2 to 3 is required. In our example, scans, were of a quality that allowed coding using KANET; however, the quality was not good enough especially for the LBW fetuses from the Japanese sample for us to code specific movements in FOMS. Graph 4 demonstrates the low quality of the Japan LBW scans compared with the other groups.
FOMS Use in Clinical Practice
Throughout this paper we have indicated that FOMS has the potential to be used in clinical practice. More research is essential in order to test the use of this coding system for clinical practice. One drawback is the need for clear images in order to apply our fine-grained movement coding system. However, given the advances in 3D/4D ultrasound scanning technology, we expect that this will be possible in the near future. Another problem with the use in clinical practice could be that the fine-grained coding necessary for FOMS coding is Graph 2: Total mouth movements per second for NBW (UK n = 3, Japan n = 4) and LBW (UK n = 3, Japan n = 4) fetuses from UK and Japan. There are no significant differences among the means Graph 3: Total touch behaviors per second for NBW (UK n = 3, Japan n = 4) and LBW (UK n = 3, Japan n = 4) fetuses from UK and Japan Graph 4: Scan quality for NBW (UK n = 3, Japan n = 4) and LBW (UK n = 3, Japan n = 4) fetuses from UK and Japan Uncodable Vague outlines of fetal facial configuration discernible but uncodable using the FOMS system 1.
Poor Allows the coding of only very gross movements 2.
Acceptable Allows the coding of parts of the fetal face 3.
Good A clear view of the fetal face throughout with few occurrences of uncodable features of the fetal face 4.
Very good A clear view of fetal face with facial features and movements being consistently codable too time consuming. However, we expect that once we can establish which of the behaviors are specifically indicative of conditions, such as the association of maternal self-reported stress and increased left handed touch by fetuses, then sonographers could look for very specific movements, drastically reducing the amount of time required for diagnosis using FOMS. Thus, further advances in ultrasound scanning technology and improved knowledge of which fetal movements are most important to indicate a developmental delay will result in FOMS being a coding system with potential for use in clinical practice. With the advancement in the technology of 3D/4D ultrasound scanning, we expect that research involving the quantification of fetal facial movements will become more accessible and therefore more commonplace. Given the lack of a fine-grained and reliable coding system based on anatomical movements, which can be observed in 4D scans, our proposed coding system provides data that can be reported in a format that allows comparison between groups of fetuses observed in various laboratories around the world and in various cultures in more detail than hitherto possible. In addition, there is some indication that fine-grained movement analyses might elucidate fetal conditions, which could be useful for the clinical management of the pregnancy.
